Neural integrators are a class of neural networks that afford extended temporal summation of neural activity or, equivalently, low-pass frequency filtering of neurotransmission \[[@B1]\]. In the respiratory system, a biphasic neural integrator in the carotid chemoreflex response is demonstrated by the classic short-term potentiation (STP) and afterdischarge of phrenic activity \[[@B2]\]. Recently, a new class of neural networks called *neural differentiators*, which afford high-pass frequency filtering of afferent inputs through short-term depression (STD) of neurotransmission, has been identified in the vagal-carotid control of the expiratory off-switch \[[@B3]\]. The differentiator response is characterized by: 1) a habituation-like adaptation to the vagal Hering-Breuer (HB) reflex lengthening or carotid chemore-flex shortening of expiratory duration; 2) secondary adaptive effects in the form of pontine-mediated and NMDA receptor-dependent post-stimulus rebound and recovery of these vagal or carotid \[[@B4]\](or hypoxia \[[@B5]\]) mediated responses.

To elucidate the mechanism of the habituation of the HB reflex, we obtained extracellular field potentials (FPs) in the medial and commissural regions of the nucleus tractus solitarius (NTS) evoked by electrical vagal stimulation (1 min) in urethane-anesthetized, paralyzed and mechanically ventilated rats (*n* =17) *in vivo*. FPs from vagal A-fibers (stimulus current, 20--70 μA, response latency, 4--5 ms) revealed a stimulus frequency-dependent (20--80 Hz) STD similar to the synaptic accommodation observed *in vitro* \[[@B6]\] and the habituation of HB reflex *in vivo* \[[@B4]\]. FPs from C-fibers (150--350 μA, 20--45 ms) also demonstrated a frequency-dependent (5--20 Hz) STD during afferent activation but their amplitude remained depressed for \>50 s post-stimulation. Microinjection of the NMDA receptor antagonist D-APV abolished the short-term memory following C-fiber activation but not the frequency-dependent STD with A- or C-fibers. The characteristics of the vagal A-and C-fiber mediated responses are reminiscent of the type I and type II NTS neurons found *in vitro* \[[@B7]\].

To elucidate the mechanism of the pontine-mediated adaptation of the HB reflex, we obtained extracellular recordings of pontine neuronal activity simultaneously with phrenic nerve recording during electrical vagal stimulation (1.5×T, 80 Hz, 1 min). Neurons with tonic and respiratory modulated activity were found within or near the parabrachialis (PB) and Kölliker-Fuse (KF) complex. Most tonic neurons in KF (*n* = 11) were depressed during and/or shortly after vagal stimulation that elicited the characteristic biphasic adaptation of the HB reflex in the phrenic activity, whereas most tonic neurons in medial PB (*n* = 22) were not affected. Activity of respiratory modulated neurons (*n* = 4) recorded in KF remained in phase with phrenic activity during vagal stimulation. Results showed that vagal input induced STD of tonic neurotransmission in KF.

These findings support a dual-process nonassociative learning model of integral-differential calculus computations in the brain \[[@B8]\] through activity-dependent STP and STD of neurotransmission in primary and secondary afferent pathways.
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